Aim/Background: Due to this increasing problem of antibiotic resistance, the number of different antibiotics available is dwindling and there are only a handful of new antibiotics in the drug development pipeline. Therefore, there is an urgent need for the development of new antimicrobial drugs. In the present study, we have synthesized and investigated antimicrobial activities of novel derivatives with molecular docking studies. Methods: In this article, amide derivatives of 2-
INTRODUCTION
At present lot of drugs are available for healing the microbial infection but most of them is becoming fruitless due to antimicrobial resistance by the microorganisms. So, there is a great need for the discovery of new antimicrobial agents to overcome the antimicrobial resistance and side effects. 1 The aminoacyl-tRNA synthetase (AaRS) and tyrosyl-tRNA synthetase enzymes have been a focus of recent research for antibacterial drug discovery. These enzymes play crucial roles in protein biosynthesis by catalyzing the synthesis aminoacylation of transfer RNA (tRNA) by their cognate amino acid. Once these enzymes are inhibited, protein biosynthesis is halted, which in turn results in the attenuation of bacterial growth under both in vitro and infectious conditions. 2, 3 Docking softwares are very useful for the screening of thousands of molecules affinity towards a particular disease or drug target. 4 The pharmacology and chemistry of benzimidazole have been meaningful to medicinal chemistry because possessed various pharmacological activities i.e. antimicrobial, 5 antioxidant, 5 anticancer, 6 anti-inflammatory, 7 analgesic, 7 antidiabetic, 8 anticonvulsant, 8 anti-asthmatic, 9 antiviral, 10 antihypertensive, 11 antiproliferative, 12 antitubercular 13 with many more. 14 Benzimidazole moiety have been showing talented/flourishing activity in the treatment of several diseases and due to that reason benzimidazoles achieved much thoughtfulness as momentous pharmacophore and called as privileged structure in medicinal chemistry. 15 By looking review contains the different pharmacological activities of benzimidazole and its derivatives, focused amide derivatives of 2-(3-methylbenzo[b]thiophen-6-yl)-1-(3nitrophenyl)-1H-benzo[d]imidazole-5-carboxylic acid were taken for lead development.
In last decade, the virtual screening approach for studying the docking of small molecules with protein structure is a powerful tool for lead design and has become the most active and useful technology now being used in drug discovery processing. It is an attempt to remove the element of luck from the drug designs, because pharmacological activity is dependent upon drug receptor binding which was analyzed by molecular docking. 16 In the present study, we designed the focused amide derivatives of 2-(3-methylbenzo[b]thiophen-6-yl)-1-(3nitrophenyl)-1H-benzo[d]imidazole-5-carboxylic acid were tested for docking against aminoacyl-tRNA synthetase (AaRS) and tyrosyl-tRNA synthetase enzymes have been a focus of recent research for bacterial inhibitory activity and were used to study the binding modes and binding affinities to the 1wny.PDBQT (Isoleucyl-tRNA synthetase editing domain, source: Thermus thermophilus) (Figure 1 and 2) and 1jil.PDBQT (tyrosyl-tRNA synthetase editing domain, source: Staphylococcus aureus) ( Figure 3 and 4 mmol, 2.0 equiv), HOBt (0.54mmol, 2equiv) and EDCI (0.54m mol, 2 equiv). RBF were kept in magnetic stirrer with hot plate for 6-8 hr for heating at 60°C with stirring. After the reaction was over (TLC monitoring), 5-7 ml of an aq. Saturated solution of sodium hydrogen carbonate was added into each of the reaction tubes.
The quenched reaction mixtures were either filtered by using filter paper. For liquid-liquid extraction, water (8-10 ml) was added into each of the reaction mixture and was extracted with organic solvent (8-10 ml). The combined organic layer was washed with water, separated using whatmann filter paper, dried over anhydrous sodium sulphate and concentrated using Rotary evaporator. Samples were purified by column chromatography (using an optimized mixture of Ethyl acetate:Hexane as an eluent).
Antimicrobial activity: Minimum inhibitory concentrations (MIC)
The tube dilution method was used for the determination of antimicrobial potential of the synthesized derivatives against S. After the incubation period sterilized 0.9% NaCl solution was used to harvest the bacterial and fungal cultures from agar slant through proper shaking and then the suspensions of microorganisms were diluted with the sterile 0.9% NaCl solution to cfu count was adjusted by adjusting the density of microorganism suspension to that of 0.5 McFarland standards by adding distilled water. The number of cfu was determined by dilution pour-plate method. 29 The samples were incubated at 37ºC for 24 hr (bacteria), at 25ºC for 7 days (A. niger), and at 37ºC for 48 hr (C. albicans) and the results were recorded.
In silico Molecular docking studies: Docking performed by Schrodinger Glide
The Schrodinger, Inc. (New York, USA) software was utilized to carry out the computational calculations and docking studies which was completed in the Laboratory for Enzyme Inhibition Studies, Department of Pharmaceutical Sciences and Natural Products, Central University of Punjab, Bathinda, INDIA. Software ensures that protein and ligands corrected form for docking, the receptor-grid files were generated by grid-receptor generation program Glide. Grid-based Ligand Docking uses a hierarchical sequence of filters to produce possible conformations of the ligand in the active-site region of the protein receptor. At this stage, crude score values and geometric filters were prepared out unlikely binding modes. 30 Docking Performed by Autodock Vina 4.2: By using prepared PDB ID grid performed molecular docking with. mol2-Tripos files by using Command prompt and after the collection of docking score then check the interaction/hydrogen bond distance between molecules with PDB ID grid with the help of Autodock Vina 4.2. Protein preparation: X-ray protein structure co-ordinates for aminoacyl-tRNA synthetase (AaRS) and tyrosyl-tRNA synthetase were downloaded from Protein Data Bank and were prepared with the help of the protein preparation wizard of Schrödinger (Prepwiz). PDB ID: 1wny having resolution: 1.6 A 0 and PDB ID: 1jil having resolution: 2.2 A 0 (selection criteria used was lowest resolution and availability) was utilized for the study. All the waters molecules (except those coordinated to metals) were removed except water present between the ligand and protein. The energy-restrained of the protein structure target site optimization of targated protein aminoacyl-tRNA synthetase (AaRS) and tyrosyl-tRNA synthetase were made using OPLS-2005 as force field. Ligand preparation: The three-dimensional structural library was prepared using the Chemdraw software and then save as. mol2-Tripos file. The 3-D structures of the selected ligands were preceded for energy minimization using the LigPrep tool from Schrodinger to correct the coordinates, ionization, stereochemistry and tautomeric structure to gain the appropriate conformation through the addition or removal of hydrogen bonds. The ligands prepared after energy minimization were used for molecular docking studies. The synthesized derivatives were evaluated for their in vitro antibacterial activity against B. subtilis, S. aureus, P. aeruginosa, E. coli, T. thermophilus and antifungal activity against A. niger and C. albicans. Antimicrobial activity of the synthesized compoundswas completed by the tube dilution method. From the recorded pMIC values, it was observed that compound compound B-1, B-7 was found tobe least antibacterial active and Compound B-20 was found tobe least antifungal active in the series. In general, the results of MIC studies exposed that the synthesized compounds have bacteriocidal and fungicidal potential as comparted to standard Cefadroxil, Ofloxacin and Fluconazole. Here, Figure 7 graphically represent the pMIC, Table 2 represent the pMIC values of compounds with comparision to standards.
RESULTS AND DISCUSSION
N-(4-fluoro-3-methylphenyl)-2-(3- methylbenzo[b]thiophen-6-yl)-1-(3-nitrophenyl)-1H- benzo[d]imidazole
Molecular Docking research
Newly designed molecules/ligands were studied for their molecular docking behavior with the help of Schrodinger's Maestro package docking software and AutoDock Vina 4.2, Table 3 . Molecules were docked was in to binding modes and binding affinities to the 1wny. PDBQT and 1jil. PDBQT. Induced fit docking (IFD) method was utilized for the same. The predicted binding pattern revealed that synthesized ligand binds within catalytic cavity firmly via. hydrogen bond formation, (Figure 10 ) and 1JIL PDB, Visual inspection of the pose of umbrageous in to the inhibitor binding cavity revealed that ligand is inserted in to "aromatic case" framed by GLN 17, TRP 197, SER 194, ASP 153, ASP 195 , GLY 83, LY 884, GLY 49, LYS 231, LYS 234 and the FAD aromatic ring of the protein (Figure 11 ). In compound B-23, 1WNY PDB, Visual inspection of the pose of umbrageous in to the inhibitor binding cavity revealed that ligand is inserted in to "aromatic case" framed by THR 2229, THR 223, TRP 227, GLU 312, GLN 311, SER 310, VAL 318, Ofloxacin -9.8 -9.9 -6.325 -6.325 -6.131 -6.131 TYR 308, ALA 321, THR 233, PHE 324 and the FAD aromatic ring of the protein (Figure 12 ) and 1JIL PDB, Visual inspection of the pose of umbrageous in to the inhibitor binding cavity revealed that ligand is inserted in to "aromatic case" framed by VAL 224, LEU 223, SER 194, ASP 195, GLY 193, LYS 84, THR 42, ALA 43 and the FAD aromatic ring of the protein. The binding is further stabilized by π-π stacking and the oxygen of NO 2 of the N-aryl part of compound forms a hydrogen bond interaction with the OH of LYS 84 having value 1.971 ( Figure 13 ). Docking studies revealed that hydrogen bond interactions fix the ligands firmly and tightly in the active site. B-1, B-7 and B-23 also exhibited good MIC as compared to standard by tube dilution method. In-silico studies played an important role in designing the potent ligands against aminoacyl-tRNA synthetase (AaRS) and tyrosyl-tRNA synthetase enzymes as well as explained the binding pattern of designed and synthesized ligand within active pocket and good antimicrobial compounds can be used for in vivo studies for future. In-silico studies and in vitro results comply with each other.
